A Gram-stain-negative, non-motile, yellow-pigmented and rod-shaped bacterial strain, designated T , was isolated from soil of the Gotjawal, lava forest, located in Jeju,
The genus Sphingomonas is a member of the family Sphingomonadaceae within the class Alphaproteobacteria. The genus Sphingomonas was first proposed by Yabuuchi et al. (1990) , and then subsequently emended by Takeuchi et al. (2001) , Yabuuchi et al. (2002) , Busse et al. (2003) and Chen et al. (2012) . The genus Sphingomonas was subdivided into four genera, Sphingomonas, Sphingobium, Novosphingobium and Sphingopyxis by Takeuchi et al. (2001) , and later Maruyama et al. (2006) reported the new genus Sphingosinicella within the family Sphingomonadaceae. Recently the genus Sphingopyxis was divided into two genera Sphingopyxis and Sphingorhabdus (Jogler et al., 2013) . At the time of writing, the genus Sphingomonas sensu stricto contains 70 species with validly published names (http://www.bacterio.net/sphingomonas.html; Euzéby, 1997) . Members of the genus Sphingomonas are Gram-negative, non-spore-forming, rod-shaped bacteria that have sphingoglycolipid as the characteristic polar lipid, Q-10 as the predominant isoprenoid quinone, C 18 : 1 , C 16 : 0 and/or C 17 : 1 as the major fatty acids and sym-homospermidine as the major polyamine.
During an investigation of the bacterial diversity of soil of the Gotjawal forest, Dongbaekdongsan, Jeju, Korea, strain SN6-13 T was isolated. Dongbaekdongsan is located in Seonheul Gotjawal, the western part of Jeju Gotjawal, and a natural forest of evergreen broad-leaved trees. Soil samples were serially diluted in sterile distilled water, and each serial dilution was spread on one-tenth-strength R2A agar (BD) and then incubated at 25 8C for 4 weeks. A single colony, designated SN6-13 T , was isolated, purified by sub-culturing on one-tenth-strength R2A agar and maintained as glycerol/water suspensions (20 %, v/v) at 270 8C. The growth measurement of strain T and the reference strains was done in R2A broth using a spectrophotometer to record the OD 600 for 7 days. For most experiments, strain SN6-13 T was cultivated on R2A agar at 25 8C for 3 days, unless stated otherwise. Cultivation of strain T and the reference strains was tested on R2A agar, one-tenth-strength R2A agar, tryptic soy agar (TSA; BD) and nutrient agar (NA; BD). For comparative purposes, Sphingomonas indica DSM 25434
T and Sphingomonas laterariae DSM 25432 T were grown under identical conditions.
The Gram reaction was tested by using Hucker's modification (Lányí, 1987) . Oxidase activity was observed using the oxidase reagent (bioMérieux) and catalase activity was determined by production of bubbles after the addition of a drop of 3 % H 2 O 2 . Cell morphology was observed under a phase-contrast microscope (Eclipse 80i; Nikon) and a model CM-20 transmission electron microscope (Philips). Motility was tested using the hanging-drop technique (Skerman, 1967) . Growth at 5, 10, 15, 20, 25, 30, 37, 40 and 45 8C, in the presence of 0.5 1, 2, 3, 4 and 5 % NaCl, and at pH 3.0-10.0 (in increments of 0.5 pH units) was investigated. The following biological buffers were used to adjust the pH: Na 2 HPO 4 /NaH 2 PO 4 for pH ,9 and Na 2 CO 3 /NaHCO 3 for pH 9-10 (Gomori, 1955) . Anaerobic growth was determined after incubation in a GasPak anaerobic system (BBL) on R2A agar. Enzyme activities, acid production tests and additional phenotypic characteristics were tested using API ZYM, API 50CH (with CHB/E medium), API 20E and API 20NE galleries according to the instructions of the manufacturer (bioMér-ieux). The utilization of carbon sources was performed using GN2 MicroPlates according to the instructions of the manufacturer (Biolog). Polar lipids were analysed by two-dimensional TLC using procedures as described by Minnikin et al. (1977) . The spots for polar lipids were identified by spraying with 30 % sulfuric acid, 10 % phosphomolybdic acid in ethanol (Sigma P4869), ninhydrin, a-naphthol and Dragendorff's reagent. Isoprenoid quinones were determined by reversed-phase HPLC as described by Shin et al. (1996) . Analysis and identification of fatty acid methyl esters was carried out as described by Sasser (1990) using the Sherlock Microbial Identification System (MIDI) with the TSBA database version 6.1. The polyamine profiles were analysed by using a reverse-phase HPLC with Watchers 120 ODS-AP column (25064.6 nm internal diameter, 5 mm particle size, Isu) as described by Taibi et al. (2000) .
The DNA G+C content was determined by reversed-phase HPLC according to Tamaoka & Komagata (1984) . Genomic DNA extraction, PCR amplification of the 16S rRNA gene and sequencing were performed according to Lee et al. (2011) . The 16S rRNA gene was amplified by PCR using primers 27F and 1492R. The amplified PCR product was purified using a PCR purification kit (Biofact) and sequenced directly by the fluorescent dye terminator method using an ABI 3730XL capillary DNA analyser (Applied Biosystems) at Biofact (Daejeon, Korea). The 16S rRNA gene sequence was assembled using the SeqMan software (DNASTAR) and aligned with sequences retrieved from the EzTaxon server (http://eztaxon-e. ezbiocloud.net/) and GenBank/EMBL/DDBJ databases. Multiple sequences were then edited manually using the program BioEdit (Hall, 1999) . The evolutionary distance matrix was calculated using Jukes-Cantor model (Jukes & Cantor, 1969) . Phylogenetic analysis was performed by using the MEGA 6 software package (Tamura et al., 2013) . For phylogenetic tree-reconstruction, maximum-likelihood (Felsenstein, 1981) , maximum-parsimony (Fitch, 1971) and neighbour-joining (Saitou & Nei, 1987) algorithms were used. Bootstrap analysis (Felsenstein, 1985) was done with 1000 replicates.
Strain SN6-13
T formed colonies (about 1-2 mm in diameter) on R2A agar within 3 days at 25 8C. Cells were strictly aerobic, Gram-stain-negative, oxidase-and catalase-positive, non-motile rods. A transmission electron micrograph of strain T is shown in Fig. S1 (available in the online Supplementary Material). Colonies were yellow, circular, convex, opaque, smooth and sticky on R2A agar. Growth occurred at temperatures ranging from 10 to 30 8C, at pH 6-8 and with 0-3 % NaCl on R2A agar. Strain SN6-13 T grew well on R2A agar and one-tenthstrength R2A agar, but did not grow on NA or TSA. The best growth of strain T and the reference strains was observed on R2A agar. Strain SN6-13 T and the reference strains reached stationary phase in 4 days (Fig. S2 ).
In API 20E and 20NE galleries, only tryptophan deaminase activity was positive. In the API 50CH, acid was not produced from any gallery. In Biolog GN2 microplates, only a-D-glucose, methyl pyruvate, b-hydroxybutyric acid and L-glutamic acid were utilized as sole carbon sources. In API ZYM tests, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase activities were present. Strain SN6-13 T was clearly differentiated from Sphingomonas indica DSM 25434 T and Sphingomonas laterariae DSM 25432
T by a number of phenotypic characteristics, including colony colour, growth at 37 8C, carbon source utilization in Biolog GN2 microplates and enzyme activity profiles from API ZYM tests. The other physiological and biochemical characteristics are presented in the species description and (Fig. S3) . NPG is phospholipid detected in both ninhydrin and a-naphthol (Fig. S3c, d) . Strain SN6-13 T contained Q-10 (89.8 %) as the predominant isoprenoid quinone and small amounts of Q-8 (3.9 %), Q-9 (5.1 %) and Q-11 (1.2 %). For analysis of fatty acids, strain SN6-13
T and the reference strains were cultivated on R2A agar at 25 8C for 3 days reaching late exponential phase (Fig.  S2) . The major fatty acids of strain SN6-13 T were summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and C 16 : 0 . However, those of the reference strains, Sphingomonas laterariae DSM 25432 T and Sphingomonas indica DSM 25434 T , were C 17 : 1 v6c, summed feature 8 (C 18 : 1 v7c and/ or C 18 : 1 v6c), C 15 : 0 2-OH and C 17 : 1 v8c. Strain SN6-13 T had differences, e.g. presence of C 12 : 0 2-OH and iso-C 16 : 0 3-OH, higher amounts of C 16 : 0 and C 14 : 0 2-OH, lower amounts of C 15 : 0 2-OH and C 17 : 1 v6c, and the absence of C 17 : 1 v8c and C 18 : 1 v7c 11-methyl, from related taxa. Detailed fatty acid profiles of strain SN6-13 T and the reference strains are listed in Table 2 . Strain SN6-13
T contained sym-homospermidine as the major polyamine.
The almost-complete 16S rRNA gene sequence (1440 nt) of strain SN6-13
T was determined and compared with those of all known species of the genus Sphingomonas. Strain SN6-13 T showed the highest 16S rRNA gene sequence similarity to Sphingomonas laterariae LNB2 T (95.4 %), but did not form a coherent cluster with this type strain (Fig. 1) . Strain SN6-13 T formed a monophyletic group with Sphingomonas indica Dd16 T in all phylogenetic trees reconstructed using three tree-making algorithms (neighbourjoining, maximum-parsimony and maximum-likelihood) (Fig. 1) . The phylogenetic tree showed that strain SN6-13 T fell within the genus Sphingomonas. The similarity level of 16S rRNA sequences between strain SN6-13
T and other representative members of the genus Sphingomonas is indicative of relatedness at the species level (Stackebrandt & Goebel, 1994) . The DNA G+C content of strain SN6-13 T was 64.6 mol%.
Combined phenotypic, chemotaxonomic and genotypic data described above support that strain SN6-13 T belongs to the genus Sphingomonas, but can be clearly differentiated from other members of this genus. In conclusion, strain SN6-13
T represents a novel species of the genus Sphingomonas, for which the name Sphingomonas vulcanisoli sp. nov. is proposed.
Description of Sphingomonas vulcanisoli sp. nov.
Sphingomonas vulcanisoli (vul.ca.ni.so9li. L. n. vulcanus volcano; L. n. solum soil; N.L. gen. n. vulcanisoli of volcanic soil).
Cells are strictly aerobic, Gram-stain-negative, non-sporeforming, non-motile rods (0.4-0.6|0.7-1.0 mm). Forms yellow, circular, convex, opaque, smooth and sticky colonies on R2A agar. Oxidase-and catalase-positive. Growth occurs at 10-30 uC (optimum 25 uC), at pH 6.0-8.0 (optimum pH 6.0-6.5) and in the presence of 0-3 % NaCl. Positive for tryptophan deaminase, alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-glucuronidase and a-glucosidase, and utilization of a-D-glucose, methyl pyruvate, b-hydroxybutyric acid and L-glutamic acid as sole carbon sources. Acid is not produced from any carbohydrate (in API 50CH strip). The polar lipids are DPG, PG, PE, PC, SGL, NPG and two APLs. The predominant isoprenoid quinone and polyamine are Q-10 and sym-homospermidine, respectively. The major fatty acids are summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and C 16 : 0 .
The type strain is SN6-13 T (5KCTC 42454 T 5CECT 8804 T ), isolated from soil of lava forest, Gotjawal, Jeju, Republic of Korea. The DNA G+C content of the type strain is 64.6 mol%.
